Two acholeplasmas recovered from contaminated cell cultures or commercial fetal bovine serum were found to be similar in biochemical and serological properties. The organisms, although not requiring serum or cholesterol for growth, did require a supplement of 0.5% albumin and 10 pg of palmitic acid per ml to a serum-free medium for sustained growth in the absence of sterols. The growth of both organisms was inhibited in medium containing 20% horse serum, although smaller amounts of horse serum or 20% fetal bovine serum did not exert inhibitory effects. The two strains possessed biochemical properties typical of other nonsterol-requiring members of the Mycoplaamatales, and they were serologically distinct from seven established Acholeplasma species. On the basis of these findings and other morphological, biological, and serological properties of the organisms, it is proposed that these organisms represent a new species, Acholeplasma morum. Strain 72-043 (=ATCC 33211) is the type strain.
The acholeplasmas are a group of non-sterolrequiring members of the Mycoplasmatales found in a large number of hosts and in some plants (25) . Currently, seven species of Acholeplasma are recognized. The acholeplasmas differ from other members of the Mycoplasmatales in a number of molecular, genetic, and biochemical characteristics (3, 12, 15-18, 20), whereas individual Acholeplasma species are differentiated on a limited number of biochemical properties and upon serological characteristics (25).
In 1970, Schwobel and Leach (23) reported the recovery of a non-sterol-requiring organism (strain S2) from a primary bovine kidney cell culture. This cytopathic organism was found to be serologically distinct from Acholeplasma laidlawii (then known as Mycoplasma laidlawii) and from a number of other members of the Mycoplasmatales found in contaminated cell cultures or in bovine hosts. The S2 strain was examined subsequently in our laboratory in Bethesda, Md., and was found to be serologically unrelated to A . laidlawii, Acholeplasma gram ularum, or other newly established Acholeplasma species. In 1972, one of us (R.A.DG.) recovered an untypable acholeplasma from a bottle of commercial fetal bovine serum. This strain (72-043) was also found to be serologically distinct from all of the established species o f Acholeplasma represented in the Bethesda laboratory. Several years later, comparative tests on a number of unclassified acholeplasmas in our collection indicated not only that the S2 and 72-043 strains were serologically related, but also that they shared a number of other growth and biochemical characteristics. In view of some of the known difficulties in separating acholeplasmas by current serological techniques (25), in particular the preparation of a potent and specific antiserum, we felt that the S2 and 72-043 strains should be subjected to nucleic acid hybridization comparisons with other species of Acholeplasma. The results of this comparison (2) indicated that these two strains were clearly related to each other but were distinct from other presently recognized Acholeplasma species. This paper defines the basic characteristics of these organisms. Since this information further confirms their unique biological and serological properties, we hereby propose that these organisms be given taxonomic status as a new Acholeplasma species.
MATERIALS AND METHODS
Acholeplasma strains. Details of the primary isolation of strain S2 from bovine kidney cultures have been given previously (23). Strain 72-043 was isolated from a commercial lot of fetal bovine serum, using a detection technique whereby test serum was added at a 20% concentration to conventional mycoplasma broth medium (4 (Microbiological Associates, Bethesda, Md.), 1% bovine serum fraction (Difco Laboratories, Detroit, Mich.), and 500 U of penicillin G per ml. A serum-free medium was prepared from the above-mentioned formula by replacing the bovine serum fraction with a supplement containing 0.5% bovine albumin, 10 pg of palmitic acid per ml, 0.5% glucose, and 0.002% phenol red. Serum-containing media were prepared by adding various sterile animal sera to the broth base-yeast extract combination. The sera included regular horse serum and agamma horse serum (Flow Laboratories, Rockville, Md.), newborn calf serum and agamma calf serum (Microbiological Associates), and fetal bovine serum (Sterile Systems, Logan, Utah). Solid medium was prepared by adding 0.8% Noble agar (Difco) to the broth base before autoclaving. Agar cultures were grown at 37"C, either in an atmosphere of 95% nitrogen and 5% carbon dioxide or under aerobic conditions. On occasion, the strains were grown at room temperature (23°C). Each strain was purified by a 3X filtration-cloning technique (24) before biochemical and serological tests.
Reversion studies. Antibiotic-free medium containing bovine serum fraction supplement was used to detect possible reversion of strains 72-043 and 52 to bacteria. Seven passages on this medium were performed, and the cultures were transferred to blood agar plates at each passage. The agar plates were incubated at 37°C and examined for bacterial colonies.
Morphology. Broth cultures of the organism (72-043) were examined by dark-field microscopy and Gram staining. An electron microscopic ultrastructural study was performed with procedures described previously (7) . filtration studies. A 24-h broth culture of strain 72-043 was examined for passage through a series of membrane filters with graded pore diameters (450-, 300-, 220-, and 100-nm average pore diameters) by techniques outlined earlier (26) .
Tests for biological and biochemical properties. Sterol requirement was determined by a broth culture method (20) . A 2% inoculum was used, and the cultures were harvested after 7 days of incubation at 37°C. Susceptibility to 1.5% digitonin was assayed by a plate method, utilizing mycoplasma agar containing 20% fetal bovine serum (11) . The procedures used to determine carbohydrate fermentation, arginine and urea hydrolysis, tetrazolium reduction, serum liquefaction, and film and spot reactions have been described earlier (I). Hydrolysis of esculin was assayed by the method of Williams and Wittler (30) , and arbutin hydrolysis was tested by the technique of Em0 and Stipkovits (10, 25) . Phosphatase activity was determined by the method of Bradbury (5) . Methods used to test for production of carotenoids have been given earlier (27) . Hemadsorption was detected by the procedure of Manchee and Taylor-Robinson (14) .
Serological tests. Hyperimmune antisera for serological testing were prepared to the organisms listed in Table 1 . Part of the collection represents antisera prepared as part of the National Institutes of Health mycoplasma reference reagent program (8) . The methods used in preparing the antisera for the remaining organisms have been given elsewhere (26) . Disk growth inhibition tests (6) were performed with 24-hold cultures of strains 72-043 and S2 grown on the serum fraction medium. Antigens were tested at 1: 100 and 1:1,OOO dilutions against undiluted antisera. Plate immunofluorescence antibody tests were performed by a direct method (9), using fluorescein-conjugated antisera to the organisms listed in Table 1 .
Polyacrylamide gel electrophoresis. Acholeplasmas grown in 1% bovine serum fraction broth were sedimented by centrifugation, and the cell proteins were solubilized in phenol-acetic acid-water (2: 1:0.5, wt/vol/vol) . The extracts were then compared in polyacrylamide tube gels (19, 21) .
DNA characteristics. The deoxyribonucleic acid (DNA) guanine-plus-cytosine content of both strains (72-043 and S2) was determined from the melting temperature, using techniques described earlier (13, 22) . The DNA of Spiroplasma c h i , with guanineplus-cytosine content of 26 mol%, was utilized as a reference standard in the procedure.
RESULTS

Morphological and cultural properties.
Broth cultures of strains 72-043 and S2 examined by dark-field microscopy showed predominately round and coccobacillary forms, with some beaded filaments and star forms in older cultures. Cells stained by the Gram technique revealed gram-negative pleomorphic structures similar to those observed in dark-field preparations. Electron microscopic examination of thin sections of cell pellets showed a pleomorphic organism with a unit membrane and no evidence of cell wall material outside the membrane (Fig.  1) . Broth cultures became turbid in 18 h at 37°C and in 48 h at 23OC. The organisms grew well in medium containing 1% bovine serum fraction or in broth supplemented with 20% concentrations of fetal bovine serum or agamma horse serum (Table 2) . However, very poor growth, or no growth, occurred in broth medium containing 20% horse serum, 20% newborn calf serum, or 20% agamma calf serum. Decreasing the quantity of horse serum in the broth to 5 or lo%, or reducing the newborn calf serum to 5%, removed the inhibition expressed at the higher serum levels. Adequate growth could be maintained in a serum-free medium only when it was supplemented with albumin and palmitic acid. Colonies on serum-free agar were small (60 to 100 pm) and very rough or irregular ( Fig. 2A) . Colonies on the bovine serum fraction agar were slightly larger (100 to 150 pm) and also displayed the rough mulberry-like appearance seen on serum-free agar (Fig. 2B) . Optimum growth on agar occurred after 48 h at 37°C under anaerobic conditions.
Reversion studies. Cultures maintained in antibiotic-free broth medium for seven passages showed no reversion to bacterial forms, either when examined by Gram-staining techniques or when plated to bacteriological agar. Filtration studies. A cloned broth culture of strain 72-043 contained 1.5 X lo7 colony-forming units/ml before filtration through a series of membrane filters. The number of colony-forming units per milliliter after filtration through membrane filters of 450-, 300-, and 220-nm average pore size were 4.5 X lo", 6.0 X lo4, and 5.5
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x lo2, respectively. Cells did not pass through the 100-nm filter.
Biochemical and biological properties. The results of the biochemical and biological tests performed on strains 72-043 and S2 are summarized in Table 3 . Both strains fermented glucose but not mannose. They hydrolyzed esculin and arbutin, but gave a weak (1+) reaction in the latter test. Neither strain produced carotenoid pigments under the test conditions used. The growth response of strain 72-043 to cholesterol is shown in Table 4 . None of the levels of cholesterol tested showed any sthulation of growth, and Tween 80 appeared to exert some inhibitory activity against this strain.
Serological tests. Growth inhibition and plate immunofluorescence tests, with antisera or conjugates prepared to the mycoplasmas listed in Table 1 , indicated that these strains were serologically unrelated to previously established Acholeplasma species or to other glucose-fermenting Mycoplasma species. The two strains under examination showed complete serological cross-reactions with each other by both test procedures.
Polyacrylamide gel patterns. A comparison of the cell proteins of strains 72-043 and S2 by polyacrylamide gel electrophoresis is shown in Fig. 3 . The patterns of the two strains are similar to each other but appeared to be distinct from those of other Acholeplasma species represented in a collection in the National Institutes of Health laboratory.
DNA characteristics. The melting temperature of the DNA of both acholeplasmas was found to be 79.4"C, whereas that obtained with S. citri was recorded as 76.OoC. The guanineplus-cytosine content for strains 72-043 and S2 was calculated to be 34.0 mol%.
DISCUSSION
One of the more interesting features of strains 72-043 and S2 is their unique growth inhibition when 20% horse serum is added to the conventional mycoplasma broth base or when certain types of calf serum are used as a serum source. The inhibition by horse serum is probably the result of some specific antibody to these organisms in horse serum, since growth occurred regularly with 20% agamma horse serum or when the regular horse serum was diluted to 5 or 10% concentrations in the broth medium. Growth inhibition of strain 72-043 in medium containing 10 to 20% newborn calf serum or 20% agamma calf serum suggests the presence of some nonspecific inhibitors other than antibody in these sera, although media prepared with 20% fetal bovine serum did not exert inhibition. The excellent growth response of the strains to medium containing 20% fetal bovine serum correlates well with the occurrence of these acholeplasmas in fetal bovine serum or in primary calf kidney cell cultures. In addition, growth inhibi- The inoculum for the first passage was a 24-h-old culture of strain 72-043 grown in 1% seruni fraction broth at 37°C. Tenfold dilutions were made in each medium, and the results were recorded as the higest dilution in which turbidity and a color change in the pH indictor occurred within 7 days at 37°C. NG, No growth.
The base medium was composed of mycoplasma broth base with 10% of a 25% solution of fresh yeast extract, 0.5% glucose, and 0.002% phenol red.
FIG. 2.
Colonies of strain 72-043grown on agar for 2 days at 37°C in an atmosphere of 95% Nplus 5% COZ (A) Serum-free agar; (B) 1% bovine serum fraction agar. Bar, 100 pm. when supplements of albumin and palmitic acid were made. These results are similar to some of our earlier findings, which showed that additions of fatty acid (Tween 80) and albumin produced remarkable increases in growth of Acholeplasma axanthum strains (28, 29) . The morphology, filterability, and absence of 'Protein in cell pellets obtained from 100 ml of medium.
Serum-free medium. ' Serum-free medium with 0.5% albumin and 10 pg Serum-free medium with albumin, palmitic acid, of palmitic acid per ml. and 0.01% Tween 80.
' Medium containing 1% bovine serum fraction. tion in media containing 20% horse serum might explain why these acholeplasmas, of suspected bovine origin, have not been recovered earlier, since most isolation media for mycoplasmas consist of 20% horse serum. Finally, cultural studies performed with these two organisms showed clearly that, whereas they did not require serum or cholesterol as a growth requirement, sustained growth occurred in serum-free broth only reversion to bacteria of these strains offer substantial evidence that these organisms belong to the class Mollicutes. Their lack of sterol requirement for growth and ability to grow aerobically place them in the family Acholeplasrnataceae and the genus Acholeplasma. Extensive serological tests performed in this study indicate that these strains are unrelated to any of the seven established Acholeplasma species or to Mycoplasma species that ferment carbohydrates. Further evidence that these acholeplasmas represent a new and distinct species is provided in the nucleic acid hybridization comparisons mentioned previously (2). We believe, therefore, that these organisms represent a new species and propose that they be designated Acholeplasma morum (L. noun morum, mulberry). The species epithet chosen relates to the mulberry-like appearance of agar colonies of the organism. Strain 72-043 is designated as the type strain. A cloned line of this strain has been deposited in the American Type Culture Collection as ATCC 33211.
